non-uniform extension of a slab of a non-linear viscoelastic solid is studied. Two boundary value problems are solved. one with deformation prescribed at the upper boundary and the other with the traction prescribed. The formulation uses the deformation in the direction of the slub thickness as the dopendent v;lriable. which is found by solving ;I non-linear integro-ditfcrential equation. The numcricul calculation is such that at exh time step. the problem is equivalent to ;I fourth order non-lincdr ordinary dilfcrential equation for the current coordinate in the direction of the slab thickness. This equation is then integr;lted by the sitme numerical proccxiurc ;IS in the corresponding cl;lslic prohlcm.
Rajagopal and Wineman (1985) showed that for a non-linear elastic slab a class of non-uniform uniaxial extensions (or compressions) were possible within the context of the Mooney-Rivlin theory. They find that the classical uniaxial solution corresponds to the special case which corresponds to a specific structure for the pressure field, namely it being a constant. In this study we investigate whether such non-homogeneous solutions are possible within the context of non-linear viscoelasticity. In this case the problem turns out to be even more interesting for there are two possible problems, one in which the displacement of the slab is specified and held fixed. and the other in which the appropriate traction is prescribed and held constant. While Rajagopal and Wineman (1985) were able to obtain exact closed form solutions in the case of a Mooney-Rivlin material, the equations governing the viscoelastic problems are too complicated to be amenable to such an analysis and have to be solved numerically.
We consider the elongation of a slab of thickness H. its boundaries defined by the planes Z = 0 and Z = H. It is found that when the viscoelastic slab is subject to a step elongation. an inhomogeneous deformation is possible and the stresses in the slab vary The scalar p can bc elimin~ltcd from (I 8) and (20) to obtain
;,f (Z, I).
This same result can also be obtained from (19) and (20). Integration of (22) yields
where C,(r) is an arbitrary function oft. It follows from (21) and (23) that where C(r) = C,(r)/C~. Equation (24) is a Volterra-intcgro differential equation for i.(Z, t) which is third order in the spatial derivative. It also contains the arbitrary function C(I). This implies that four boundary conditions arc needed. Suppose we consider the case of a viscoelastic slab which is originally bounded by the planes Z = Hand Z = 0. Appropriate conditions at the bottom and top boundaries, respectively, would be
Condition (25), states that the slab initially at 2 = 0 cannot move in the Z-direction. Condition (25), states that the slab initially at Z = H moves to z = h at time t. From (6). it can be seen that the boundary conditions (%), and (X), are equivalent to prescribing the uniform contraction or expansion of the plane surfaces at the bottom and top. respectively. It is also possible to specify normal tractions ~,,(0,0,0, I). (~~~(0.0. H. r) as alternate boundary conditions.
They would then replace the appropriate conditions of (35) or (26). Let us turn our attention to determining the unknown scalar p, and then the stresses. From ( 1 Sf- (20) and (23). we have
(27) where and C:(t) is an arbitrary function obtained due to integration. Substituting (IO), f I 1 f, ( 15) and (37) 
[I-exp(-$)I
Equation (24) admits the solution corresponding to a homogeneous uniaxial extension history, i.'(Z. t) = i.;,(t), in which case C(r) = 0. Conversely, if C(t) = 0. the uniaxial extension history need not be homogeneous. In order to show this, let t = 0 in eqn (24). This reduces to the same equation as for the elastic problem for a M ooney-Rivlin material [cf. Rajagopal et al. (1986) ]. When p = 0, these equations reduce further to the case of a Neo-Hookean material [cf. Rajagopal and Wineman (1985) ]. The results in this paper imply that, if C(0) = 0. then (32) where a, and a2 are constants. Thus in the case of a Neo-Hookean material, when C = 0. the stretch ratio 1' need not be uniform. The classical solution i.' = constant is a special subclass which corresponds to a, = 0. Similarly, non-uniform solutions for the stretch ratio are possible in a Mooney-Rivlin material, the classical uniform solution being a special subclass of the same. Suppose that there are no stresses in the viscoelastic slab. if there is null deformation history. Mathematically, this implies that e,, = 0. if A' = i.'(s) = I and i." = i."(s) = 0. When E" = A"(s) = 0, by virtue of (24). C(r) = 0. Then it follows from (29) or (31) that
(33)
NUMERICAL METHOD
The method dcvelopcd by Lee and Rogers (1963) to solve boundary problems of linear viscoelasticity was successfully extcndcd to the solution of non-linear viscoclastic problems by Wineman (1972) . Here, this method is further improved [cJ Fcrzigcr (1981) 
Let the interval (0, I] be partitioned into n subintervals [I, = 0. t2,. (k = I.n--1). approximating each of these by the trapezoidal rule and denoting the finite sum approximation to the third integral of (34) by S,. we have Similarly. the first two integrals of (34) can also hc written in the same form as (36). For notntional convcniencc, we denotc the finite sum approximation to the first intcgrat of (34) by S,. Letting .S1 denote only the terms in the ~ipproxim~ltion to the second intcgral which contain j.'(&), k < n, WC have 
In the finite sum approximation to the second integral of (34). it can be seen from (41) 
